The effect of soil extraction procedures and/or sample pretreatment (drying, freezing of the soil sample) on the extractability of cadmium and lead was tested in a model experiment, with an employment of optical emission and atomic absorption spectrometry methods. In the first part, 6 extraction procedures were compared: 2 mol l 
INTRODUCTION
Soil properties, as well as root exudates, substantially affect plant-availability of potentially toxic elements in soil and their mobility and chemical forms in soil solution. Therefore, the composition of soil solution includeing organic compounds, complexes and elements bound to individual components of the soil solution are frequently investigated, including the determination of validation parameters of individual analytical methods for soil solution samples. Soil solution represents essential electrolytic water solution containing dissolved organic and inorganic compounds (coloids, complexes, free salts and ions of these salts), atmospheric gases and exudates of plant roots and microorganisms. The knowledge of the composition of a soil solution is substantial for the elucidation of element uptake processes by plants, as well as for plant growth. Leaching, evaporation, and plant transpiration can affect the contents of trace metals and metalloids to a greater extent than mere changes in the contents of main ions [1, 2] . Mechanisms of released organic acids, such as malate, citrate and oxalate, and their activity in soil (sorption, complex formation, decomposition by soil microorganisms) represent complex and yet to be fully elucidated processes [3, 4] .
Various soil extraction procedures were developed and tested for the determination of plant-available, mobile, and potentially mobilizable pools of trace elements in soils. This was carried out without a general consensus by the authors on which extractant would be the most suitable in this case. Moreover, the effectiveness of individual extractants to determine the plant-available elements depends on soil physicochemical parameters, the source of contamination, and contamination levels [5] [6] [7] .
The sample pre-treatment and/or storage before extraction can affect the composition of a soil solution which in turn affects element mobility in soils [8, 9] . Various methods were developed for the collection of soil solutions [10] such as centrifugation, suction cups or lysimeters and in situ sampling is considered to better represent the soil solution composition and the physical structure of the sample remains intact.
The available analytical methods and/or approaches of the determination of individual forms of elements and other compounds in soil solutions were reviewed by Peijnenburg and Jager [11] and Nolan et al. [10] . Among them, chelating ion-exchange [12] , size exclusion chromatography [9] , and the Donnan dialysis membrane technique [13, 14] are frequently discussed. Anodic striping voltametry (ASV) is a very sensitive technique which is usually used for the detection of ions, and especially metals. It is also suitable for the determination of stability constants on a wide pH scale [10] . Differential pulse anodic stripping voltammetry (DPASV) was applied for measurement of complexation of heavy metals with humic and fulvic acids in model soil solutions [15] [16] [17] as well as in extracted soil solutions [18, 19] . Moreover, voltammetric methods are used for the study of changes in metal solubility and speciation in agricultural soils treated by sewage sludge or other organic matter such as pig manure [20, 21] .
In our experiment the extractability of Cd and Pb with various extracting agents as well as the effect of sample pretreatment were evaluated in eight soil samples differing in their physicochemical parameters. The main goal of the study was to evaluate and compare some of the most widely used methods of soil extraction and soil solution collection. Moreover, the effect of sample preparation methods will be discussed, especially if the abundance of free ions of Cd and Pb is necessary for an evaluation of the potential plant-availability of soil heavy metals. Two sets of soil solutions obtained by different procedures were analyzed to assess free and complex Cd and Pb using anodic stripping voltametry on a hanging mercury drop electrode.
MATERIAL AND METHODS

Extraction Procedures
Eight soil samples differing in physical-chemical properties and total element contents [25] , 6）extraction with deionized water at a ratio of 1:10 (w/v) overnight [26] .
Each extraction was provided in three replicates, all the chemicals used were of analytical grade purity and were purchased from Analytika and Lach-Ner Ltd., Czech Republic. For the centrifugation of the extracts, the Hettich Universal 30 RF (Germany) device was used. The reaction mixture was centrifuged at 3000 rpm (i.e. 460 xg) for 10 minutes at the end of each extraction procedure, and the supernatants were kept at 6C before measurement. Blank extracts representing 5% of the total number of extracts were prepared using the same batch of reagents and the same apparatus. The blank extracts were analyzed at the same time and in the same way as the soil extracts.
The total concentration of trace elements in the soils was determined in the digests obtained by the following decomposition procedure: Aliquots (0.5 g) of air-dried soil samples were decomposed in a digestion vessel with a a. cation exchange capacity, b. total organic carbon, c. dissolved organic matter mixture of 8 ml concentrated nitric acid, 5 ml of hydrochloric acid, and 2 ml of concentrated hydrofluoric acid. The mixture was heated in an Ethos 1 (MLS GmbH, Germany) microwave assisted wet digestion system for 33 min at 210°C. After cooling, the digest was quantitatively transferred into a 50 ml Teflon ® vessel and evaporated to dryness at 160°C. The digest was then dissolved in a 3 ml nitric and hydrochloric acid mixture (1:3), transferred into a 25 ml glass tube, filled with deionised water, and kept at laboratory temperature until measurement. A certified reference material RM 7001 Light Sandy Soil was applied for the quality assurance of analytical data.
Soil Sample Pre-Treatment
Prior to extraction and total element content determination, the soil samples were air-dried at 20°C, ground in a mortar and passed through a 2-mm plastic sieve. Alternatively, aliquots of the samples were extracted as moist samples immediately after soil sample collection while dry mass of the soils was determined separately. Finally, aliquots of the samples were frozen at −18°C for 14 days before being air dried, ground, and sieved. The effect of sample pre-treatment was tested for 0.05 mol l -1 EDTA, 0.01 mol l -1 CaCl 2 and water extracts.
Soil Solution
Element concentrations in soil solution are related to the element contents in plant biomass [27] . However, there are different approaches to soil solution collection. We tested 1) the centrifugation of fully saturated soil at 10000 rpm for 10 minutes and 2) the application of suction cups, where specialized plastic suction cups (DI Gottfried Wieshammer, Wien, Austria) were applied to pots containing roughly 350 g of the soil at the beginning of the experiment to get a soil solution. The pots with the suction cups were filled to capacity with deionised water one day before suction and left for 24 hours to equilibrate. 10 ml of soil solution was regulerly sampled from each pot and immediately analyzed for Cd and Pb concentrations. The collection of the soil solution was repeated twice (14 and 28 days into the experiment). The design of the suction cup application and soil solution sampling was described in detail by Jaklová-Dytrtová et al. [28] .
Analytical Methods
The total contents of Cd and Pb in soil digests and extracts were determined by optical emission spectroscopy with inductively coupled plasma (ICP-OES) with axial plasma configuration, Varian, VistaPro (Australia). Calibration solutions were prepared in the corresponding extraction agents as follows, 100-500 µg l -1 for Cd, 100-1000 µg l -1 Pb. The operating measurement wave-lengths for ICP-AES were 214.4 nm for Cd, and 220.4 nm for Pb. The measurement conditions for all lines were as follows: power 1. . For the determination of low concentrations of Cd and Pb in soil solutions, water and 0.01 mol.l -1 CaCl 2 extracts electrothermal atomic absorption spectrometry (ET-AAS) using the instrument VARIAN AA280Z (Varian, Australia) equipped with a GTA120 graphite tube atomizer was applied. The operation conditions are summarized in Table 2 .
Water extracts [26] and soil solutions obtained with suction cups (first collection) were analyzed with differential pulse anodic stripping voltametry (DPASV) on a hanging mercury drop electrode. Voltammetric measurements were carried out by means of a computer-controlled polarographic/voltammetric analyzer PC-ETP (PolaroSensors, Prague, Czech Republic). Experiments were performed using a three-electrode configuration, with Ag/ AgCl/KCl (3 mol.L -1 ) as a reference, and a Pt wire as an auxiliary electrode. 10 ml of 0.001 M sodium perchlorate was used as a supporting electrolyte. After degassing with Voltammogram of solution with complexed metals was recorded and then 100 µl of concentrated nitric acid was added (change to pH 2) and voltammograms of released metal ions at pH 2 was recorded. A similar procedure was used earlier for the estimation of soil solution from pots with experimentally grown plants [28] . Differential pulse voltametry was applied with a pulse height of 50 mV, a pulse width 100 ms and a scan rate of 10 mV s -1
. Before the measurement, electrolysis at −1100 mV (per-chlorate solution) or −850 mV (acidified solution) with stirring of the solution was applied for 360 s. Measurements were performed in a nitrogen atmosphere. All chemicals were of analytical purity grade, deionised water from Milli-Q-Gradient (Milipore, USA) was used.
Statistics
Due to the of the inhomogeneity of variance of the data, non-parametric Kruskal-Wallis and Wilcoxon's tests were applied at the significance level  = 0.05. Extreme values were tested by Dixon's test for the identification of outliers. Statgraphics 5.1plus for Windows (Manugistics, Inc., Rockville, USA) and Microsoft Excel for Windows XP were applied for the evaluation of the significance of confidence intervals and correlation coefficients at  = 0.05.
RESULTS AND DISCUSSION
Comparison of Strong Soil Extraction Procedures
As evident from Table 1 , all the soils are cadmium contaminated with Cd concentrations ranging from 1.4 to 22.3 mg.kg -1 . In the case of lead, the total soil concentrations varied between 50 and 3662 mg.kg -1 . The highest total element content was determined in the soil from Litavka which represented serious anthropogenic contamination. Fluvisol from the alluvium of the Litavka River, Czech Republic was heavily polluted by wastes from smelter setting pits [29] . Figure 1 summarizes the cadmium and lead portions extractable by strong extraction procedures where significant differences were identified ) was able to extract cadmium portions ranging between 25 and 100% while a higher extractability was observed for highly contaminated soils confirming an anthropogenic origin of the soil pollution. Diluted nitric acid is able to dissolve the element portion comparable to the sum of labile soil element fractions [22] , and in the case of cadmium, it can be accepted as the approximation of the total element content in soil, especially in anthropogenically contaminated soils. Surprisingly, the lowest extractability was reported for the acidic soil Pramenáč where the high content of silicious matrix most likely plays an important role. For the exact evaluation of the effect of organic matter, a more detailed description of soil organic matter composition will be necessary in this case. The percentage of lead extractable by 2 mol l -1 HNO 3 varied between 35 and 80% of the total lead content while a higher extractability was observed in the anthropogenically contaminated soils Příbram and Litavka. These observations were similar in the case of cadmium. Contrarily, low extractability was observed in the soils with high sorption capacity, i.e. Píšťany, Kbely and Kutná Hora.
With the exception of soils with the highest content of organic matter, extraction of soil by 0.05 mol l -1 EDTA showed comparable portions of extractable cadmium and lead in comparison to extraction with 2 mol l -1 HNO 3 . A high affinity of lead to organic matter in soil as well as low portions of mobile Pb in soil supporting lowplantavailability of this element was also confirmed by other authors [30] . A Similar efficiency of lead extraction was also observed by Sastre et al. [7] . In the case of element portions extracted with 0.05 mol l -1 EDTA, the effect of sample pretreatment was tested Figure 2 , and significant differences ( = 0.05) were obtained among air-dried, frozen and subsequently air-dried samples. This was also the case among fresh samples. In all the soils, the fresh samples showed lower extractability of elements compared to the air-dried samples. The effect of air-drying or sample storage on the mobility of various elements was already described. During the drying and storage of the samples, changes (especially in soil organic matter) were described when soil samples were air-dried and/or stored at the laboratory temperature. It can result in significant changes in element distribution to individual soil fractions [31, 32] . Similar problems were observed, for example Cu distribution in individual fractions of manure samples [33] . For rare earth elements (La, Ce, Pr, Nd) the air-drying process increased the element contents in water soluble, exchangeable, carbonate bound, and Fe-Mn oxide bound fractions, whereas the fraction bound on organic matter decreased [34] . Evidently, in the case of Cd and Pb, the relatively strong extractant is able to highlight the potential effect of slightly changing physicochemical parameters of the soils due to different pretreatments of the soil samples. Similarly Meers et al. [5] documented that no or little differences in Cd extractability between acidic and alkaline soils were observed when the more aggressive extractants such chelate based (DTPA, EDTA) and acid based (acetic acid, HCl, HNO 3 ) procedures, as well as stronger extractions used to estimate exchangeable Cd in the soil (ammonium acetate, magnesium chloride) were used.
Diluted acetic acid is characterized as the extractant releasing element fraction specifically sorbed on soil clay minerals. Therefore, this extractant is recommended as a suitable test to predict the changes in element mobility in soil amended by sludge originating from a mining exploittation spill [7] . In our experiment, this agent extracted from 9 to 65% of Cd and from 1.5 to 14% of Pb in areas/soils where a better extractability of heavy metals from the highly contaminated soils was confirmed. A similar extractability (median value 45%) of cadmium was also observed in our previous experiments [35] . For the Mehlich III extraction procedure (compulsory for soil testing in the Czech Republic), a slightly lower extractability of Cd compared to a 0.43 mol.l -1 solution of CH 3 COOH was recorded, whereas an opposite pattern was reported for Pb. Most likely, the better extractability of Pb was caused by the presence of EDTA in the Mehlich III extraction mixture.
Comparison of Mild Soil Extraction Procedures/Soil Solution Preparation Methods
Single soil extraction procedures were recently evaluated by Menzies et al. [6] and Meers et al. [5] . They concluded that acid extractants and complexing reagents are not correlated with the plant-available concentration of heavy metals. They also confirmed the suitability of neutral salt extractants (0.01 mol l -1 CaCl 2 , 0.1 mol l -1 NaNO 3 ) for the assessment of the available pool of elements in soil, where the extractability is affected by soil pH, total element content and cation exchange capacity. According to previous experiments most of the mild extracting procedures, including pure water, were developed predominantly for a wide range of elements, especially heavy metals [26] . The 0.01 mol l -1 CaCl 2 extractable cadmium portions varied from 0.2 to 30% of total cadmium in the case of the air-dried soil sample Figure 3 , although individual sample pretreatment methods did not differ significantly at  = 0.05. Similarly, as in the case of strong extraction procedures, the heavily contaminated soil at/from Litavka demonstrated the highest extractability of cadmium whereas the lowest levels were observed for the neutral soils Píšťany, Kbely and Kutná Hora. Evidently, soil pH seems to be the soil factor significantly determineing the extractability of cadmium (r = −0.56, significant at  = 0.05). For lead, the 0.01 mol l -1 CaCl 2 extractable portion did not exceed 0.4% and no unambiguous effect of individual soil properties and/or soil contamination level was observed. The water extractable portion of both elements Figure 4 exhibited a completely different pattern, and statistical differences ( = 0.05) were not confirmed in this case. For Cd, the extractable portions of this element varied between 0.4% (soil Kutná Hora) and 1.7% (soil Litavka), and for Pb the levels were between 0.2% (soil Kbely) and 0.9 % (soil Příbram arable), which correspond in principle to the results given by Svete et al. [12] . However, no relation was found between 0.01 mol l -1 CaCl 2 extractable portions of these elements and/or the individual soil properties.
For the assessment of the differences between frozen and subsequently dried soil and other tested treatments (air-dried and fresh samples), the possible effect of soil microflora and/or the presence of individual element complexes should be taken into account Figures 3 and 4 . Additionally, soil solution metal concentrations are affected by, among others, hydrous oxides of iron and manganese, although it is not the single dominant factor [36] . The effect of soil homogeneity and sil particle structure has already been described. Tawinteung et al. [37] showed three factors that influenced Pb removal by the extraction techniques: 1) initial Pb concentrations, 2) Pb partitioning within soil, and 3) particle size of soil matrix. Airdrying leads to a decrease in Cu, Ni, and Zn concentrations in soil solution, as well as a decrease in soluble organic carbon [8] . Freezing of the sample can result in a possible release of elements from soil microbial populations, although subsequent immobilization of released elements on soil particles can also occur. For cadmium, the results tended to lower the extractability of Cd from fresh samples compared to air-dried ones whereas for Pb, no such trend occurred. Similarly, in pre-dried, sandy, and acidic or poorly buffered soils, soil solution Cd concentrations were between 2 and 40 times higher than in the corresponding reference soils that had been kept at field capacity at all times [36] . Soil solution metal concentrations at any given moment may significantly depend on previous soil moisture conditions. In contrast to findings summarized by Nolan et al. [10] , suction cups showed higher Cd concentrations compared to the centrifugation of saturated soil whereas the converse was observed for Pb The results showed that the widely accepted extraction technique using 0.01 mol l -1 CaCl 2 [6] does not reflect the behavior of Cd, and especially Pb, in soil solution. Wang et al. [34] and Gray and McLaren [8] recommended applying the extraction and/or soil solution sampling of field-moist soil samples, which reflect in situ conditions more intensively, for better correlations with plantavailable element portions. As documented by our results, different sample pretreatment and/or different mild soil extraction procedures can lead to different absolute values of mobile cadmium and lead content in soils. However, the interpretation of the data can lead to similar conclusions when comparing the individual soils; this is apparent from the comparison of the soil solution sampling methods where fairly good correlation was observed (r = 0.75, significant at α = 0.05). However, the results also show differences between the anthropogenically highly contaminated soils with a higher mobility of heavy metals, and less contaminated soils with a lower mobility of the elements. Evidently, the soil sample pretreatment can significantly affect the element portions extractable from the soil samples, soil, and/or soil solution sampling under immediate soil conditions, and limitations of pre-extraction operations are necessary.
Cd and Pb Speciation in Soil Extracts/Soil Solution
Using differential pulse anodic stripping voltametry in a perchlorate solution with aliquots of water extracts, voltammetric peaks were observed at potentials corresponding to complexed cadmium and lead. The Cd peak was within a potential range of −567 mV to −645 mV and its height did not correlate significantly (α = 0.05) with the total Cd concentration found in water extracts by AAS ranging from 0.97 to 20.32 µg.L Soil solutions obtained by suction cups exhibited a pH which was in relation with values found for soils Table 1 , and varied from 3.5 to 7.6. The Cd-peak observed with DPASV in a perchlorate solution with aliquots of soil solutions obtained by suction cups; it was within a potential range of −572 to −645 mV (therefore higher than −545 mV which corresponds to free Cd 2+ in sodium perchlorate solution). It can be concluded that cadmium is complexed in all samples -although there is no correlation between the Cd-peak height and Cd concentrations determined by AAS ( = 0.05). On the contrary, Sakurai et al. [38] showed that more than 90% of cadmium in water extracts of soil was detected in the cation fraction after fractionation with ion exchange resin. In most samples, lead was found to be only slightly complexed, and in sample 3 (Pramenáč), Pb peak potential corresponded to free Pb (−355 mV). This seems to be in accordance with Sauve et al. [39] , which confirm that the percentage of Pb complexes in soil solution decreases in soils with low pH or a high total Pb content. Under conditions utilized, only one Pb peak was observed, a potential of which shifts with increasing complexation from −355 mV up to −421 mV. The total peak height (complexed and not-complexed Pb(II)) correlated with the Pb concentration found by AAS (r = 0.99, significant at  = 0.05). Contrary results were described by McBride et al. [21] and Ge et al. [40] where a high percentage of complexed Pb and less com plexed Cd was observed.
A lack of correlation between the height of voltammetric peaks of complexed metals (recorded at equal conditions) and AAS concentrations is not surprising as several different ligands can occurre in different soils. For lead, the obtained correlation for suction 1 is mainly due to a low extent of complexation (only 12 hours of contact). During prolonged intervals, a decrease of Pb peak occurred. Similarly Cd and Pb complexes with oxalic (OA) and citric acid (CA) were detected by Jaklová-Dytrtová et al. [41] in a model with soil solutions using cyclic and stripping voltammetry. A mixed complex consisting of Cd, Pb, and OA was determined, and these complexes must be potentially taken into account in our case. After the acidification of the solution with a soil solution aliquot, complexed metals were released and their concentrations, determined voltammetrically, corresponded with values of AAS, as was found earlier both for soil ammonium nitrate extracts [18] or soil solutions obtained with suction cups [28] . In our case, linear dependences of DPASV peak height at pH 2 (Y) on AAS metal content (X) were verified. For the peak height of released lead; Y= 0.753 X + 9.397, R 2 = 0.975 (suction cup), Y= 0.537 X + 9.614, R 2 = 0.999 (water extracts). For cadmium, linear dependence of the DPASV peak on AAS values was obtained (only for suction cup solutions): Y = 0.248 X + 0.137, R 2 = 0.948; for water extracts at pH 2, there was no significant correlation ( = 0.05) between the voltammetric peak height of free Cd and AAS concentration.
Evidently, in contrast to the determination of the total Cd and Pb concentrations in soil extracts and/or soil solutions where the analyses resulted in the comparable interpretation of the data, the speciation of free and complexed portions of the elements are more affected by the details of individual sample treatments and sample preparation methods. The elucidation of factors affecting element complexation in soil solution will be necessary, in further research, to elicit reasonable explanations of available soil Cd and Pb uptake by plants.
The 
